sequences had conserved cis-regulatory activity in both species in spite of sequence divergence. We are currently identifying functional transcription factor binding sites in endodermal enhancers in both species to identify conserved upstream regulators shared between Phallusia and Ciona.
sequences had conserved cis-regulatory activity in both species in spite of sequence divergence. We are currently identifying functional transcription factor binding sites in endodermal enhancers in both species to identify conserved upstream regulators shared between Phallusia and Ciona.
Taken together our results suggest that extensive transcription factor binding site turn over, without radical change in GRNs architecture, may explain the qualitative conservation of gene expression patterns between highly divergent ascidian genomes. Yale-NUS, Singapore
The melanin biosynthetic pathway is one of the major pigmentation pathways involved in animal coloring. The chemical end products and pigment precursor intermediates have been well studied, but the biological function and expression domain of several of the enzymes that catalyze each reaction step are still largely unknown. To address this knowledge gap, we used CRISPR/Csa9 to knock out the function of six melanin pathway genes in Bicyclus anynana, a butterfly displaying five main wing colors: white, yellow, and black in the eyespot regions, and brown and beige in the rest of the wing. We targeted Tyrosine hydroxylase (TH), dopa decarboxylase (DDC), yellow, ebony, tan, and arylalkylamine-N-acetyltransferase (aaNAT) genes. While some mutants had mostly color changes, others displayed changes in scale development, and in scale morphology. Non-pigmented white-scattering scales in the center of the eyespots require aaNAT gene to develop. The yellow color in the outer ring of an eyespot is determined by both ebony and tan function. The black of an eyespot is determined by TH, DDC, and yellow genes. Brown is determined by TH and DDC genes and beige is determined by TH, DDC, and ebony. By examining the altered mutant scales under FESEM we observed that in addition to changes in pigmentation they exhibited changes in morphology. These included changes in the spacing of longitudinal-ribs and cross-ribs and, in yellow mutants, novel membrane-like features covered the normally open "windows" of brown and black scales. We conclude that melanin pathway genes play a role in both pigment synthesis and in butterfly wing scale nanostructure development. The low-density lipoprotein receptor-related protein (LRP) 2 is implicated in the etiology of holoprosencephaly (HPE), one of the most common developmental anomalies. Humans with autosomal recessive LRP2 gene defects suffer from Donnai-Barrow syndrome with a variable range of forebrain defects including microforms of holoprosencephaly. Loss of LRP2 in mice causes HPE supporting the importance of this receptor for brain development. However, it is known that monogenetic mouse models of HPE show a variable spectrum of phenotypes dependent on their genetic background reflecting the highly variable penetrance of human HPE even within pedigrees. This aspect provides an impetus for investigating disease modifier genes.
Here we investigated disease modifier genes/ genetic pathways that may modulate the severity of HPE caused by LRP2 deficiency. First we examined the severity of HPE caused by Lrp2 deletion in mice on two different pure bred backgrounds, C57BL/6N and FVB/N. Interestingly, Lrp2-/-embryos on FVB/N background do not suffer from HPE and do not show deregulation of the sonic hedgehog pathway as it was seen in all Lrp2 mutants on C57BL/6N background.
To identify novel disease genes and genetic modifiers involved in this strain-dependent penetrance of HPE we analyzed the transcriptome in heads of E9.5 LRP2 deficient mice and wild types on the two different backgrounds by RNA deep sequencing.
Gene expression data analyses of Lrp2-/-and Lrp2+/+ embryos on C57BL/6N background revealed that 2170 genes were differentially expressed in the mutants compared to wild types whereas on an FVB/N background only 368 genes were affected in the mutants. We found that 138 genes were counter regulated comparing C57BL/ 6N and FVB/N. Further analyses of these deep sequencing expression data aim at revealing molecular mechanisms underlying the variability of HPE.
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Integration of distinct mechanisms in the segmentation of zebrafish pharyngeal endoderm; Insight into the evolution of the vertebrate pharyngeal system Kazunori Okada, Shinji Takada National Institute for Basic Biology, Okazaki, Japan Okazaki Institute for Integrative Bioscience, Okazaki, Japan
In the vertebrate head development, the segmentation of pharyngeal arches (PAs) is one of the most notable events organizing the fundamental pattern of the head development. During PA segmentation, endodermal outpocketings, called pharyngeal pouches (PPs), play a pivotal role for separating each PA. Due to the highly conserved PA architecture among vertebrate species, the development and evolution of various PA-derived organs, such as jaw, hyoid and gills, have been considered as outcomes of modifications of developmental programs by which an archetypical PA is differentiated to specialized organs. However, the mechanism of the development of PPs remains to be elucidated, especially in terms of the evolution of PP system. Generally, the first and second pouches (PP1 and PP2) are concurrently formed earlier than the posterior PPs. On the other hand, the PPs posterior to PP2 are sequentially formed in an anterior to posterior order. By precise live imaging of PP endoderm in zebrafish, we found that the rostral and caudal layers of PP2 were originally generated as two separate bulges, and then they came to coalesce to form a mature PP2. The fates of the initial bulges and the mechanisms controlling the respective bulges were clearly distinct, however, these are coordinately integrated to form a series of PAs. Notably, the rostral bulge of PP2 directly contributed to an opercular flap covering the posterior gills. This PP2 integration was not observed in lamprey, which does not possess jaw and opercular in the hyoid arch, and all PPs were sequentially formed as seem in the posterior PPs in zebrafish. Our findings revealed a novel insight into the vertebrate head evolution carried out by a renovation of the PP segmentation, that is, the acquisition of the rostral bulge of PP2, which are essential for the hyoid developing an opercular. Embryonic movement is important for establishing shape in the developing skeleton. Previous work on the limb showed that shape is a result of interplay between molecular and mechanical cues, and when movement is reduced multiple aspects of morphology are altered (Nowlan et al 2010) and temporal and spatial changes in gene expression occur (Rolfe et al 2014) . Much less is known about the effect of movement on jaw morphogenesis although work in chick, mouse and zebrafish indicates that movement is important for normal development (Hall and Herring 1990 , Rot-Nikcevic et al 2007 , Brunt et al 2015 . The cellular and molecular basis of these changes in the jaw is unknown and no quantitative comparative shape analysis has been performed.
A rigid-paralysis chick model treated with DMB to induce immobilisation and a muscle-less Tbx1
-/-mouse model are being used to examine jaw development in altered mechanical environments. Immobilised chicks, muscle-less mice and their respective stage-matched controls are harvested at different embryonic stages. Whole tissue staining for bone and cartilage (Alcian-Alizarin) followed by 3D OPT scanning is then performed. Quantitative comparison of shape changes in the chick and the mouse is being carried out using geometric morphometrics to assess which aspects of morphology are the most affected by lack of movement. Diversity in form and function of vertebrate jaw morphology reflects differences in evolutionary history and developmental processes. Future work will focus on molecular and cellular mechanisms altered during jaw development under differing mechanical regimes, uncovering potential mechanosensitive molecular signalling pathways that interpret the mechanical environment. Differences among mouse strains in bone formation response to mechanical stimulation (Kodama et al 2014) suggests that variable and heritable mechanosensitive genes contribute to phenotypic variation, and understanding the importance of movement for appropriate embryogenesis has important implications for therapeutics as well as morphological evolution. Vertebrate genomes contain a large number of conserved noncoding elements (CNEs), many of which function as tissuespecific enhancers during early development. Several studies have shown that loss of enhancers can result in phenotypic variation between closely related species. For example, loss of the sensory vibrissae and penile spine enhancer of the androgen receptor gene was shown to be associated with the loss of these anatomical parts in humans (McLean et al. 2011, Nature, 471: 216-219) . Seahorses are highly derived teleosts that exhibit specialized morphology and reproductive behaviour. We sequenced the genome of the tiger tail seahorse (Hippocampus comes) and carried out comparative analyses with other teleost genomes. To determine whether seahorses have lost a higher number of enhancers compared to other teleosts, we predicted CNEs in seahorse and other teleosts and estimated the extent of CNE loss specifically in the seahorse lineage. Prediction of CNEs in the Hox clusters revealed that the seahorse had lost the highest number of CNEs amongst the teleosts compared. To see if this was a genome-wide phenomenon, we identified CNEs genomewide using zebrafish as the reference genome and identified CNEs lost uniquely in seahorse and other representative teleosts. Indeed the seahorse lineage had lost the highest number of CNEs at the whole-genome level. We tested some of the zebrafish CNEs lost in seahorse in a transgenic zebrafish assay system. Four of the seven tested CNEs drove reproducible expression pattern of the reporter gene in transgenic zebrafish indicating that they are potential enhancers. Several genes located in the vicinity of CNEs lost in seahorse are important developmental genes and transcription factors. Loss of enhancers could affect the expression pattern of these genes and have the potential to generate novel morphological phenotypes.
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University of Helsinki, Finland
In most vertebrates, teeth are continuously replaced, a condition known as polyphyodonty. Since mammalian research models, including the mouse, do not replace teeth, new model systems are required to understand the diversity and mechanisms of whole tooth regeneration. We have studied an agamid lizard, the bearded dragon, which shows a unique heterodont dentition -possessing both posterior non-regenerating and anterior regenerating teeth. Previous studies in amniotes have shown that replacement teeth develop from a successional dental lamina (SDL) structure, a lingual extension of the dental lamina (DL). With 3D-reconstructions, histology, and gene expression studies, we first show that bearded dragons possess a continuous and permanent SDL, which proliferates actively throughout the tooth row, but only initiates replacement in anterior regions. Expression analysis of conserved odontogenic genes during tooth development indicates that pathways required for primary tooth initiation become activated in the SDL, suggesting their re-employment for tooth replacement. Surprisingly, both regenerating and non-regenerating teeth share this activation. However, using BrdU pulse-chase assays, we show that only regenerating teeth retain BrdU+ cells for a prolonged time, implying that stem cells are required for tooth replacement, but not SDL maintenance. Putative stem cells in bearded dragons map to the DL, as proposed by previous studies, but also to the DL/oral epithelium junction, suggesting the existence of two separate presumptive niches, a situation so far unique among vertebrates. In vivo cell tracking experiments further support the presence of a second
